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by  hand.  Because  of  th!  ^  1“  th'  *klrt 

small  variations  In  skirt  thickness.  *  uncoranon  to  realize 
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ABSTRACT 


< 


This  test  series  was  conducted  to  determine  the  ultimate  capability 

of  Mlnuteman  Third  Stage  motor  cases  having  «  J°™ard 

below  the  0.158  Inch  minimum  as  specified  by  Drawing  No.  01A00221.  A 

full  scale  motor  and  a  forward  skirt  specimen  were  used  to  determine  this 

capability. 

The  forward  skirt  specimen  had  an  average  thickness  of  0.157  Inch 
with  a  minimum  of  0.152  Inch.  Failure  occurred  under  the  combined  effects 
of  63.7  kips  axial  compression  load  and  29.7  pslg  overpressure.  Th  s 
exceeds  the  required  loads  of  46.3  kips  axial  compression  load  and  28.9 
pslg  overpressure.  The  mode  of  failure  was  an  Inward  buckling  of  the 
skirt  over  the  entire  circumference. 

The  full  scale  case  had  an  average  forward  skirt  thickness  of  0.155 
inch  with  a  minimum  of  0.149  Inch.  Failure  occurred  under  the  combined 
effects  of  40.84  kips  axial  compression  load,  7.68  kips  shear  load  and 
717.02  In-klps  bending  moment  at  an  average  external  surface  temperature 
of  160  °F  giving  an  equivalent  axial  load  of  117.24  kips.  The  required 
loads  for  this  test  are  18.50  kips  axial  compression  load,  7.23  kips 
shear  load,  and  725.50  in-kips  bending  moment  at  an  external 
temperature  of  160  °F  giving  an  equivalent  axial  load  of  95.99  kips.  The 
mode  of  failure  was  a  buckling  of  the  forward  skirt  over  approximately 
320  degrees  of  the  circumference. 


These  tests  successfully  demonstrated  that  cases  with  a  forward 
skirt  thickness  as  much  as  0.009  inch  below  the  0.158  inch  minimum, 
per  Drawing  No.  01A00221  arc  capable  of  withstanding  the  present  flight 

loads  requirement. 
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SECTION  I 


INTRODUCTION 


BACKGROUND 

The  design  of  the  Wing  II  Design  X,  Third  Stage  Minuteman 
motor  case  was  established  in  October  of  1962.  The  limits  for  the 
forward  skirt  thickness  dimension  were  0.158  inch  to  0.190  inch. 

This  configuration  was  qualified  through  preproduction  testing  of 
cases  that  were  fabricated  with  a  cam  controlled  type  winding 
machine.  Throughout  the  period  of  manufacture  of  cases  with  this 
type  of  machine  the  skirt  thickness  was  maintained  within  the 
specified  limits. 

Later  on  in  the  Wing  II  program  (December,  1963)  a  new  machine 
was  introduced  for  fabrication  of  Third  Stage  motor  cases.  This 
machine  utilized  a  numerical  tape  control  system  and  had  an 
electronic  tension  control  in  conjunction  with  an  advanced  glass 
filament  delivery  system. 

Soon  after  the  numerically  controlled  (N.C.)  machine  was  in¬ 
corporated  into  the  system  it  became  evident  that  the  thickness  of 
the  forward  skirt  had  decreased.  This  led  to  a  study  of  the  skirt 
thickness  measurements  on  several  hundred  cases  to  determine  the 
history  and  thickness  trends  of  the  Wing  II  skirt  for  various 
periods  of  time  and  to  compare  the  difference  due  to  different 
winding  machines  and  various  changes  in  the  fabrication  processes. 
The  results  of  this  study  showed  that  the  change  in  skirt  thickness 
came  at  the*  same,  time  as  the  change  in  winding  machines.  A  com¬ 
parison  of  machines  showed  that  for  a  given  setting  the  actual 
delivered  tension  by  the  cam  controlled  machine  was  less  than  that 
by  the  N.C.  machine.  This  comparison  is  shown  in  Tables  I  and  II. 

The  N.C.  machine  tension  system  was  designed  for  a  higher 
tension  range  than  the  cam  controlled  machine  and  was  already 
operating  on  its  lower  range  so  the  possibility  of  reducing  tension 
to  increase  skirt  thickness  was  not  considered  a  good  fix.  To 
revert  back  to  the  original  thickness  would  mean  a  design  change 
in  the  delivery  system  of  the  N.C.  machine.  Since  this  was  not 
practical  a  qualification  test  program  was  set  up  to  qualify  the 
as-built  condition  of  the  forward  skirt.  This  plan  consisted  of 
structural  tests  on  two  (2)  full  scale  skirt  specimens  and  one  (1) 
full  scale  motor  case.  These  tests,  if  successful,  would  be 
adequate  qualification  of  the  cases  with  thin  forward  skirts  for 
operational  use. 


The  test  results  of.  the  first  full  scsle  skirt  specimen 
tested  are  presented  In  a  separate  report  entitled  "Final  Report 
W2SD-13A,  Wing  VI  Structural  Skirt  Test,'  dated  31  July  1964. 


This  report  describes  the  tests  and  results  of  the  second 
skirt  test  (W2SD-14A)  and  the  full  scale  case  test  (RH00283). 
Skirt  test  W2SD-14A  Is  a  duplicate  test  of  W2SD-13A. 


B.  PURPOSE 

The  primary  purpose  of  tests  W28D-14A  and  RH00283  was  to 
determine  the  structural  integrity  of  Wing  II  -  VI  motor  cases 
having  forward  skirts  thinner  than  the  minimum  allowable  dimension 
of  0.158  inch  presently  called  out  on  Drawing  01A00221. 

These  tests  were  conducted  at  Hercules  Powder  Company  s 
Engineering  Test  facilities,  located  at  Bacchus,  Utah,  on  the 
following  dates: 

W2SD-14A,  Phase  I  (maximum  wind  shear  loading)  and  Phase  II 
(simulated  silo  launch)  -  28  January  1965 

RH00283 ,  Phase  I  (simulated  silo  launch)  -  1  February  1965 

RH00283,  Phase  II  (simulated  flight  loads)  and  Phase  III 
(maximum  wind  shear  loading)  *  5  February  1965 


C.  TEST  OBJECTIVES 

1.  To  determine  the  capability  of  a  "thin"  Third  Stage  motor 
forward  skirt  to  take  combined  flight  loading  conditions  of  axial 
load,  shear  load  and  bending  moment  experienced  at  the  maximum 
wind  shear  condition  of  the  flight  cycle.  This  capability  to  be 
established  at  ambient  temperature. 

2.  To  determine  the  ultimate  capability  of  this  thin  forward 
skirt  specimen  when  loaded  to  failure  with  an  increasing  axial 
compressive  load  and  at  the  same  time  subjected  to  silo  over¬ 
pressure  at  ambient  temperature. 

3.  To  determine  the  capability  of  a  full  scale  case  with  a  "thin" 
skirt  to  withstand  silo  launch  conditions  at  ambient  temperature 
followed  by  Wing  VI  flight  loads  at  elevated  temperatures. 

4.  To  determine  the  ultimate  capability  of  this  case  when 
subjected  to  maximum  wind  shear  conditions  with  an  increasing 
axial  load  to  failure  at  elevated  temperatures. 
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SECTION  II 


TECHNICAL  DISCUSSION 


A.  TEST  SPECIMEN  DESCRIPTION 

1.  Full  Scale  Skirt  Sample  (W2SD-14A) 

Forward  skirt  sample  W2SD-14A  was  constructed  at  Hercules 
Powder  Company's  Rocky  Hill  Plant,  Rocky  Hill,  New  Jersey,  of 
Spiralloy  (Spiralloy  is  a  Hercules  material  made  of  glass  roving 
windings,  nylon  roving  windings,  glass  cloth  and  epoxy  resins).  The 
nominal  outside  diameter  was  37.50  inches  and  the  overall  length  of 
the  Spiralloy  skirt  was  11.35  Inches. 

The  winding  geometry  of  the  forward  skirt  test  specimen  con¬ 
sisted  of  two  layers  of  14.5  degree  glass  windings,  nine  layers  of 
143  reverse  weave  glass  cloth,  one  layer  of  90  degree  glass  windings 
and  three  layers  of  90  degree  nylon  roving.  The  mean  skirt  thickness 
calculated  from  72  measurements  was  0.157  inch  with  a  maximum  thick¬ 
ness  of  0.165  inch  and  a  minimum  thickness  of  0.152  inch  (see  table 
III). 


The  skirt  specimen  in  its  finished  condition  was  a  Wing  VI 
Operational  configuration  having  forward  skirt  flight  hardware  con¬ 
sisting  of  G&C  cable  support  bracketry,  TT  wiring  clips,  TT  switch 
bracket,  destruct  S&A  bracket,  forward  skirt  vent  cup,  forward  skirt 
G&C  cable  access  hole  with  doubler  plate,  and  forward  skirt  inter¬ 
stage  ring.  The  aft  end  of  the  skirt  specimen  had  an  aluminum  ring 
installed  and  machined  to  receive  a  simulated  2-3  interstage. 

The  preparation  for  the  test,  a  metal-reinforced  R&D  section 
was  attached  to  the  forward  skirt  interstage  ring  using  the  standard 
nut  plates  present  on  the  ring  and  a  loinlorced  2-3  interstage 
section  was  fastened  to  the  aft  end  of  the  specimen  utilizing  the 
standard  2-3  interstage  bolt  hole  pattern  (72  holts). 

2.  Full  Scale  Case  (RH00283) 

Case  No.  RH00283  was  fabricated  at  Rocky  Hill,  New  Jersey,  per 
Drawing  01A00221-089.  The  forward  skirt  on  this  case  was  constructed 
of  the  same  material  and  configuration  as  the  skirt  specimen  above. 
The  skirt  is  integrally  wound  to  the  case  during  the  case  fabrication 
process.  The  mean  forward  Skirt  thickness  calculated  from  72 


measurements  was  0.1546  inch  with  a  maximum  of  0.164  inch  and  a 
minimum  of  0.149  inch  (see  table  IV). 

This  case  in  its  finished  condition  was  a  Wing  VI  Operational 
configuration  having  forward  skirt  flight  hardware  consisting  of 
G&C  cable  support  bracketry,  TT  wi-ing  clips,  TT  switch  bracket, 
destruct  S6A  bracket,  forward  skirt  vent  cup,  forward  skirt  G&C, 
cable  access  hole  with  doubler  plate,  and  forward  skirt  interstage 
ring.  The  case  also  had  an  aft  skirt  Interstage  ring  and  an  oper¬ 
ational  raceway. 

In  preparation  for  the  test  a  simulated  R&D  section  was 
attached  to  the  aft  skirt  interstage  ring  utilizing  the  standard  2  - 
3  Interstage  bolt  hole  pattern  (72  bolts). 

TEST  PROCEDURE 

1  •  Full  Scale  Skirt  Sample  (W2SD14-A) 

Following  installation  of  the  instrumentation  (figure  1),  the 
assembly  was  mounted  in  an  upright  position  in  the  structural  test 
stand.  A  rubber  overpressure  bladder  backed  up  by  a  steel  hoop  was 
then  placed  around  the  skirt  on  the  outside.  The  compression  load¬ 
ing  device  consisted  of  a  loading  head  and  three  hydraulic  rams, 
designated  Pi,  ?2 ,  and  P3.  Ram  Pi  was  positioned  on  the  base  at 
270  degrees  and  Ram  P2  at  90  degrees.  Ram  P3  was  mounted  on  the 
head  34  inches  above  the  2-3  interstage-skirt  joint  at  90  degrees. 
The  force  from  Ram  P3  was  normal  to  the  longitudinal  centerline  of 
the  case.  The  rubber  bladder  was  connected  to  a  pressurized  water 
supply.  Figure  2  illustrates  the  test  setup.  The  instrumentation 
was  attached  to  the  recorders  and  checked  for  accuracy,  polarity 
and  calibration.  Next  the  loads  were  applied  as  programmed  in 
figure  3.  Phase  I,  maximum  wind  shear  loading  was  applied  first, 
and  then  Phase  II,  silo  overpressure  combined  with  axial  compression 
load  was  applied  until  failure  occurred. 

2.  Full  Scale  Unit  (Case  No.  RH00283) 

For  the  first  phase  of  the  test,  Case  RH00283  was  instrumented 
as  shown  in  figure  4.  After  the  instrumentation  was  applied  the 
case  was  installed  in  the  structural  test  stand  in  an  upright 
position.  A  rubber  overpressure  bladder  backed  up  by  a  steel  hoop 
was  placed  around  the  forward  skirt  section  of  the  case  and  was 
connected  to  a  pressurized  water  supply.  The  test  setup  is 
illustrated  in  figure  5.  After  the  normal  instrumentation  check 
the  loads  were  applied  in  accordance  with  figure  6. 


For  the  second  phase  of  the  test  the  apparatus  was  disassembled 
and  the  case  reinstrumented  as  shown  in  figure  7.  The  case  was  rein¬ 
stalled  into  the  structural  test  stand  as  shown  in  figure  8.  Heat 
lamps  were  placed  around  the  case  and  all  instrumentation  was 
connected  to  recorders  and  calibrated.  Loads  were  then  applied  to 
the  case  in  accordance  with  figure  9  followed  by  loading  to  failure 
in  accordance  with  figure  10. 

TEST  RESULTS 

1 .  Skirt  Sample 

During  the  first  phase  of  the  test,  which  was  the  application 
of  simulated  flight  loads  for  the  maximum  wind  shear  condition,  the 
specimen  saw  the  following  maximum  loads: 

Axial  load .  18.22  kips 

Shear  load .  7.53  kips 

Bending  moment  .  709.00  in- kips 

The  equivalent  axial  load  for  the  above  loads  is  93.8  kips.  This 
load  was  calculated  using  e  following  equation: 


Peq . 

= 

Pa  +  2  M/R 

where:  Peq. 

S 

Equivalent  axial  load 

PA 

X 

Applied  axial  load 

M 

= 

Applied  bending  moment 

R 

3= 

Radius  of  case 

The  required  loads  at  che  maximum  wind  shear  condition  per 
BSD  document  6680.14-6467  (Aerospace  Vehicle  Design  Loads)  dated 
19  April  1963  are  per  figure  3  and  as  follows: 

Axial  load  .  .  . .  18.50  kips 

Shear  load .  7.23  kips 

Bending  moment  .  726,50  in-kips 

Equivalent  axial  load  ....  95.99  kips 


Because  of  a  modification  resulting  from  a  repair  to  the  Test  Stand 
which  was  not  accounted  for  In  the  loading  program,  the  bending 
moment  load  was  lower  than  required.  The  test  data  are  shown 
graphically  in  figures  11  through  17  and  are  listed  in  table  V. 

The  maximum  strain  and  deflection  data  at  40  seconds  show 
net  tension  on  the  skirt  from  0  degrees  to  approximately  160  degrees 
and  compression  over  the  remaining  circumference.  This  indicates 
a  slight  shift  of  the  neutral  axis  of  bending  on  one  side  of  the 
skirt  from  180  degrees  to  160  degrees.  The  strain  and  deflection 
data  correlated  very  well  around  the  circumference  except  at  270 
degrees.  The  EDI  reading  and  the  strain  readings  on  either  side 
of  270  degrees  indicate  that  the  strain  gage  reading  at  270  degrees 
was  possibly  in  error. 

Poissons  ratio,  when  calculated  from  the  strain  readings, 
averages  out  to  0.292  in.  compression  and  0.228  in.  tension. 

During  the  second  phase  of  the  test  which  was  the  application 
of  axial  compressive  load  plus  overpressure  the  specimen  was  loaded 
to  failure  with  the  following  loads  being  applied  at  failure: 

Axial  load .  63.72  kips 

Overpressure .  29.7  psig 

Required  silo  loads  for  this  phase  of  the  test  per  BSD 
document  6680.6267  are  per  figure  3  and  as  follows: 

Axial  load .  46.3  kips 

Overpressure .  28.9  pslg 

The  mode  of  failure  was  a  series  of  diamond  shaped  equally 
spaced  buckled  areas  that  extended  completely  around  the  cir¬ 
cumference  of  the  skirt.  Thccenter  position  of  the  "diamond"  was 
buckled  inward  (see  photos  in  figures  18  through  25).  The  data 
from  this  phase  of  the  test  are  shown  in  figures  26  through  41  and 
table  VI. 

Those  axial  strains  which  were  opposite  the  diamond  "dimples" 
showed  net  tension  up  to  60  seconds  at  which  time  the  overpressure 
was  leveled  off  and  held  constant.  At  this  point  the  increasing 
axial  load  overrode  the  effects  of  overpressure  and  reversed  the 
direction  of  strain.  The  tension  indicated  during  the  first  60 
seconds  is  a  result  of  bending  of  the  skirt  wall  due  to  application 
of  external  pressure.  The  E.D.I. 's  also  show  tension  up  to  60 
seconds  due  to  bending.  This  does  not  mean  that  the  skirt  wall 
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was  In  tension  itself  but  that  the  brackets  attaching  the  E.D.I.'s 
to  the  skirt  were  being  bent  or  "twisted"  as  a  result  of  the 
external  pressure  load. 

All  data  from  this  test  indicates  a  n<  rmal  reaction  of  the 
specimen  to  the  imposed  loads.  This  test  was  very  similar  to  skirt 
test  W2SD-13A  which  was  subjected  to  the  same  loads. 

2.  FSU  Case  RH00283 

During  the  first  phase  of  the  test,  which  was  silo  launch 
conditions  (overpressure  and  axial  load),  the  case  saw  the  following 
maximum  loads: 

Axial  load .  4-8.4  kips 

Overpressure .  30.0  psig 

This  compares  to  the  requirement  per  BSD  Document  6680.14-6267 

of: 


Axial  load .  46.3  kips 

Overpressure .  28.9  psig 

Test  data  for  this  phase  are  shown  in  figures  42  through  49 
and  table  VII. 

The  strain  readings  show  a  slight  amount  of  net  tension  in  the 
axial  direction  due  to  the  bending  moment  resulting  from  application 
of  external  pressure.  The  gages  in  the  circumferential  direction 
gave  compressive  readings.  This  again  shows  that  at  this  particular 
location  of  the  gages  (at  the  midway  point  on  the  skirt)  the  reactions 
from  overpressure  bending  are  overriding  the  reactions  from  axial 
compression  at  the  applied  load  levels.  The  bending  effects  were 
more  predominant  at  the  doubler  plate  reinforcement  location  (210 
degree)  as  evidenced  by  strain  gages  25  and  26. 

During  the  second  phase  of  the  test  the  case  was  exposed  to 
flight  cycle  loading  as  shown  in  figure  9.  The  specimen  passed  this 
phase  of  the  test  without  any  detrimental  effects.  Test  data  are 
shown  in  figures  50  through  61  and  table  VIII. 

The  general  trends  of  the  strain  data  correlate  with  the 
applied  flight  loads  cycle,  At  approximately  zero  seconds,  or  silo 
launch,  the  axial  strains  are  leaning  slightly  heavier  in  compression 
on  the  side  270  degrees  from  target.  This  is  probably  due  to  the 
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shear  load  (P3)  as  it  begins  to  Influence  the  sample  through  a 

tl  thll  Ic  alao  «PP««s  that  the  compressive  strains  prior 

r*!8i?ed  *  UttU  more  at  90  degrees  and  170  degrees 
This  would  suggest  influence  of  the  two  opposite  lacks  aoolvine  mr> 
centrated  loads  through  the  loading  head.  J  “PPlying  con- 

thm  wl"d  ahMr  condition  (approximately  30  seconds) 

180  dlltJl  V  ih®  bendln«  mom«nt  -bout  the  0  degree  - 

!de  r  axls‘  ?heaa  readingB  .how  net  tension  on  the  90  degree 
side  of  the  neutral  axis  and  compression  on  the  270  degree  side 

^dduJo^to^he  tHe  preS!nCe  °f  aXial  comPre88lve  load 

in  addition  to  the  bending  moment  due  to  the  fact:  that  the  strain 

Th!  iSatnl6  noJ.  equal  and  °PP°8it*  about  the  neutral  axis  of  bending. 
The  strains  on  the  compression  side  are  considerably  higher  than  8 
those  on  the  tension  side.  8 


Following  this  loading  the  specimen  was  subjected 
wind  shear  conditions  with  the  axial  load  increased  to 
The  maximum  loads  applied  at  failure  were  as  follows: 


to  maximum 
failure. 


Axial  load  .  .  . 
Shear  load  .  .  . 
Bending  moment  . 


A0. 84  kips 
7 .68  kips 
717.02  in-kips 


Equivalent  axial  load  .  .  .  117.32  kips 

follows^  reqUired  loads  from  BSD  document  6680.14-6467  are  as 


Axial  load  ..... 

Shear  load  . 

Bending  moment  .  .  . 

Equivalent  axial  load 

Test  data  from  the  failure 
through  76  and  table  IX. 


•  •  •  •  18 . 50  kips 

•  •  •  •  7 .23  kips 

•  •  •  •  726.50  in-kips 

•  •  •  95.99  kips 

cycle  are  shown  in  figures  62 


Ca"  be  8'e"  st  30  ••“■Hi  due  to  the 

dat!1}  f5  f  lhe  bendlng  and  8hear  loads.  At  this  point  the 
data  indicates  the  neutral  axis  is  parallel  to  the  0  degree  -  180 

?Ut  lS  Shlft"1  ,U8htl)'  t0  tlle  90  degree  The 

t«get  .nrthr»o?n.prr'l0r  W‘S  “  *PPr<”>‘«t,ly  280  degree,  from 
target  and  the  point  of  maximum  tension  at  approximately  100  deerees 

£ro» terget.  Thu  po.ltlon  remained  conetent until  hllure  oecSrred 
at  58  seconds  from  the  time  of  initial  load  application. 
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The  mode  of  failure  was  a  circumferential  buckling  of  the 
forward  skirt  approximately  8  inches  aft  of  the  forward  bearing 
surface.  The  failure  extended  completely  around  the  circumference 
of  the  skirt  (see  figures  77  through  80). 


SECTION  III 


CONCLUSIONS 


The  objectives  of  these  tests  were  met  in  that  the  ultimate 
capability  of  a  Third  Stage  motor  forward  skirt  having  a  thickness 
less  than  0.158  in.  was  determined. 

These  tests  demonstrated  that  a  motor  case  having  a  mean 
forward  skirt  thickness  of  0.155  in.  and  a  minimum  thickness  of 
0.150  in.  is  capable  of  withstanding  Wing  II  through  Wing  VI 
flight  loads. 

Data  obtained  from  these  tests  can  be  used  as  an  aid  in 
evaluating  cases  with  skirts  of  less  thickness  than  those  tested 
in  this  series. 


FIGURE  1  Instrumentation  Location,  W2SD-14A 


FIGURE  5  Test  Setup,  Phase  I,  RH00283 
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OVERPRESSURE  AND  INTERNAL  PRESSURE  (PSIG) 
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NOTC ;  SO  PSI  INTERNAL  PRESSURE  TO  RE  HELD  DURING  ENTfRE  TEST 


FIGURE  6 


Programmed  1j»kmIs  ,  I’ll  a  so  I  ,  RH002HT 

t 
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ELECTRONIC  DEFLECTION  INDICATOR  (EDI) 

THERMOCOUPLE 

STRAIN  GAGE 


FfGURK  8  Test  Setup,  Phase  IT,  RH00283 
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AXIAL  LOAD 
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FLIGHT  LOADS 


TO  OBTAIN  AXIAL  LOAD 
ADD  1.7  KIPS  TO  Px  & 
P2  FOR  HEAD  WEIGHT 


FIGURE  11 


STRAIN  (MICRO  IN/IN) 


FIGURE  12  Strain  Versus  Time,  Phase  I,  W2SD-14A,  Cages 

1,  3,  5,  7,  9  and  11 
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STRAIN  (MICRO  IN/ IN) 


W2SD- 

FLIGHT 

-14A 

LOADS 

GAGE  NO. 

SYMBOL 

SG-2 

0 

SG-4 

□ 

SG-6 

0 

SG-8 

A 

SG-10 

4 

-40- 


-60- 


-80  - 


FIGURE  13  Strain  Versus  Time,  Phase  I,  W2SD- 14A ,  Gages 

2 ,  4 ,  6 ,  8  and  10 


STRAIN  (MICRO  IN/IN) 


FIGURE  l A  Strain  Versus  Time,  Phase  I,  W2SD-144,  Cages 

12,  14,  23,  25  and  26 
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FIGURE  18  Failure  Area  45°  External,  Phase  II,  W2SD-14A 


FIGURE  21  Failure  Area  135°  Internal,  Phase  II,  W2SD-14A 
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FIGURE  22  FjI  Lure  A-r^j  If 2  ?°  EitcrnAl ,  Ptwsc  II,  U?SD-14A 
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FIGURE  24  Failure  Area  315°  External,  Phase  II,  W2SD- 


s  ll j  ilV.l 


7TGKFr.  2b  Acru-al  Loads  .  Phase  IT,  W2SD-14A 


I 


Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  1  and 
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FIGURE  29  Strain  Versus  Time,  Phase  II,  W2SD-1AA,  Gages  5  and 
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Strain  Versus  Time,  Phase  II,  W2SD- 14A ,  Cages  7  and 
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(ni/ni  ohoiw)  Kims 


FIGURE  32  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  11  and  12 
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FIGURE  33  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  13  and  IU 


FIGURE  34  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  15  and  16 
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FIGURE  35  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  17  and  18 


SG-19 


FIGURE  36  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  19  and  20 


(NI/NI  OHOIW)  NIVHIS 
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FIGURE  37  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  21  and  22 
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FIGUPF.  3H  Strain  Versus  Time,  Phase  II,  W2SD-14A,  Gages  23  and  24 
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FIGURE  39  Strain  Versus  Time,  Phase  IT,  W2SD-14A,  Gages  25  and  26 
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FIGUPE  41  Deflection  Versus  Time,  Phase  IT,  W2SD- 14A ,  Gages 


AXIAL  RAM  LOAD  (KIPS)  &  OVERPRESSURE  (PSIG) 


FIGURE  43  Strain  Versus  Time,  Phase  T,  HH00283  Gages 

1,2,3  and  4 
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STRAIN  (MICRO  IN/ IN) 


Strain  Versus  Time,  Phase  l,  KH0028J  (;;1}-es  5, 
f> ,  7  nn<t  8 
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FICURE  44 


smiv  tmeao  rx/iN> 


Strain  Versus  Time,  Phase  I,  RllOOJivI  Gates 
9,  10,  11  and  12 
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RM00283 

SILO  LAUNCH  LOAD 


GAGE  NO. 

SYMBOL 

SC -9 

O 

SG-IO 
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SG-I  1 

o 

sc;  - 1 2 

A 

FIGURE  45 


STRAIN  (MICRO  IN/IN) 


FIGURE  46  Strain  Versus  Time,  Phase  I,  R1I00283  Gages  13, 

14,  15  and  16 
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STRAIN  (MICRO  IN/IN) 


FIGURE  47 


Strain  Versus  Time,  Phase  I,  RH00283  Gages  17. 
18,  19  and  20 
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STRAIN  (MICRO  IH/IH) 


FIGURE  48  Strain  Versus  Time,  Phase  I,  RH00283  Gages  21, 
22,  23  and  24 
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STRAIN  (MICRO  IN/IN) 


FICURE  49  Strains  Versus  Time,  Phase  I,  RHO0283  Gages  25 

and  26 
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RH00283 

FLIGHT  LOAD  CYCLE 


FTGURF  50  Actual  Loads,  Phase  II,  RH00283 
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FrGURK  '»'  Strain  Versus  Time,  Phase  II,  RH00283  Cages 
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FLIGHT  LOAD  CtCLL 


RH00283 

FLIGHT  LOAD  CYCL 


FIGURE  33  Strain  Versus  Time,  Phase  IT,  RH00283  Cages 

j ’  22  ,  37  and  38 
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FIGURL  34  Strain  Versus  Tine,  Phase  II,  RH00283  Gages 
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FIGURE  58  Strain  Versus  Time,  Ph.isc  TT 
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FIGURE  57  Strain  Versus  Time,  Phase  II,  RH00283  Gages  13,  14,  29, 

10  and  46 


FIGURE  3R  Strain  Versus  Tine,  Phase  II ,  RH00283  Gages  IS 


69 


oot 
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FIGURE  60  Temperature  "^sus  Time,  Phase  II,  RH00283  Gages 

6 ,  7  and  8 
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RAM  LOADS  (POUNDS) 


t'lCURE  62  Actual  Loads,  Phase  1U,  RH0028  3 
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STRAIN  (MICRO  IN/IN) 


RHIMf2B3 
FATLUKF  CYCLE 


GftfiE  m .  SYMBOL 
5fl-l  - - - 

se*2 - * 

SC-  I  - - 

sg-a  «  III— I*- 4-HH+MH-i 


FIGURE  63  Strain  Versus  Time,  Phase  III,  RH00283  Gages 

1  ,  2 ,  3  ,  and  4 
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STRAIN  (MICRO  IN/IN) 


RHO02B3 
FAILURE  CYCLE 


CAGE  MO,  SYMBOL 

EC- 5  - — 

BC-6  — - - 

SO?  — - “ 

SG-e  — 


4000 


2000 


2000 


-4000 


-6000 


8000  - 


10000 
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BH002S3 
faille  cyU£ 


5  TOBOL 


Strain  Versus  Time,  Phase  Til,  RH00283  Cages 
9,  10,  11  and  12 
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FfCURE  65 


STRAIN  (MICRO  IN/IN) 


3000 


TO  3900  (;'  62  SEC 


FIGURE  66  Strain  Versus  Time,  Phase  TTI,  R1100283  Cages 

13,  14,  15  and  16 
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STRAIN  (MICRO  IN/IN) 


FIGURE  67 


Strain  Versus  Time,  Phase  IT  I  ,  KII0028  I 
Gages  17,  18,  19  anil  20 


STRAIN  (MICRO  IN/IN) 


FIGURE  68 


Strain  Versus  Time,  Phase  III,  RH00283  Gjrcs 
21,  22,  23  and  24 
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STRAIN  (MICRO  IN/IN) 


FIGURE  69 


Strain  Versus  Time,  Phase  1,11,  RH00283 
Gages  25,  26,  27  and  28 


79 


ttnoojtfa 

PMt.irRi-  t-Tfl-Ll' 


SYHlU'l. 


ll[,  RH00283 


Strain  Versus  Time- 
Gages  29,  30,  31  a 


FIGURE  70 


FIGURE  71 


Strain  Versus  Time,'  Phase  If  I  ,  :‘M00283 
Gages  33,  34  ,  35  and  36 


STRAIN  (MICRO  IN/IN) 


FIGURE  72 


Strain  Versus  Time,  Phase  III,  RH00283 
Gages  37,  38,  39  and  90 


Strain  Versus  Tirr? ,  Ffiase  III,  RH00283 
Gages  41,  42,  43,  44  and  49 
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FIGURE  73 


STRAIN  (MICRO  IN/IN) 


RHO0JB3 
FAILUH1  CVCLF. 


PACK  m,  SWWI 

SC-45  - - 

SG-Afc  ’ — - — 
EG*4?  H/*> 

£C-4fl  - — — 
SC.-5U  — — 


Strain  Versus  Time*,  Phase  III,  RH00283 
Gages  45 ,  46 ,  47 ,  48  and  50 


FIGURE  74 


FICUKE  75  Temperature  Versus  Time,  Phase  III,  KII00283 

Gages  1,  2,  3,  4,  5  and  6 
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TEMPERATURE  (°F) 


KA  [  IJUP*  i  Vr'U 


fiAihE  -  NH*  fiVMtlGL 

tg-7 - 

7C-fl - 

Tc-y - - 

TC-Hf  - 

TC-U - 

TC-12  —  - - - 


FIGURE  76  Temperature  Versus  Time,  Phase  III,  RH00283 

Gages  7,  8,  9,  10,  11  and  12 
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FICUKK  77 


Failure  Area  0*’ , 


Fliase  III.  KH00283 
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FIGURE  78  Failure  Area  90° ,  Phase  III,  RH00283 
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FfCUKI-  7<) 


Fai  lure  Area  180°  , 


I’li.ise  FIT  ,  K1I1028J 
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I 


fA* 


I'lCUKi:  80 


Failure  Area  270°, 


Phase  III,  KH00283 
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TABLE  I 


N.C.  MACHINE  ROVING  TENSION  CHECK 


CHANNEL 

METER 

BEFORE  CUP 
TENSION 

AFTER  CUP 
TENSION 

1 

- 5 - 

3 

4.55 

FRN  6  and  25*4 

2  RPM  of  Mandrel 

Secs /Rev.  =  30 

2 

3.25 

3.5 

5 

3 

3.25 

3.25 

4.5 

4 

3.25 

3.25 

5 

7 

3.25 

3.25 

4.75 

1  H 

3.6 

3.25 

4.5 

i  1  1 

3.25 

3.5 

5.5 

12 

3 

3 

4.25 

13 

3 

3 

4.0 

14 

05 

3.5 

4.75 

■  B 

m  mi 

1 

3 

3 

FRN  6  and  507 

3.2  RPM  of  Mandrel 

18  Sccs/Rev. 

2 

3 

3 

5.50 

3 

05 

i  3.55  ~ 

4.75 

4 

3.25 

3.25 

5.25 

- 7 

03 

03 

5.0 

8 

3.25 

4.75 

— n 

3 . 5 

5.5 

12 

mahii 

57J5 

4.5 

13 

2.75 

3 

4.25 

14 

3.25 

3.5 

5.25 

■  ■ 

3.2 

3.25 

0 

I'RN  8  and  1 007 

15  Kffl  of  Mandrel 

Sees /Rev.  =  5/22 

2 

3.2 

3.25 

0.5 

3 

3.25 

3.5 

0.25 

4 

3.5 

3.75 

6.75 

7 

3.5 

3.5 

6.5 

8 

3.2 

3.25 

6 

11 

3.5 

3.75 

6.5 

12 

3 

3.25 

6 

13 

2.75 

3 

5.5 

14 

3.5 

3.5 

6.5 

bbhi 

■BBi 

l 

3.25 

3.5 

7. 

FRM  12  and  1007 

27-1  3  RPM 

Rev /Sec.  =  10/22 

2 

3.5 

4.0 

7.5 

3 

3.5 

3.5 

7.0 

4 

3.75 

4.0 

7.5 

7 

3.5 

3.5 

7.0 

8 

3.5 

3.5 

6.5 

1  l 

3.5 

4.0 

7.0 

12 

3.25 

3.5 

6.75 

13 

3 

3.25 

6.5 

14 

3.5 

3.75 

7.5 

(Cup  plug  pressure  for  all  tests  Is  17-3/4  Pslg.) 
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TABLE  II 


CAM  CONTROLLED  MACHINE  ROVING  TENSION  CHECK 


BETWEEN  FAIR  LEAD 

EYE  AND  CUP 

BETWEEN  CUP  AND  UNIT 

SPINDLE 

NUMBER 

1 /2-SPEED 
RPM: ... .8 

FULL- SPEED 

RPM: ....  14 

1 /2-SPEED 
RPM:.... 8 

FULL- SPEED 

RPM: ... .14 

1 

4-1/2 

3-1/4 

4-3/4 

5 

2 

3 

3 

4 

4-3/4 

3 

2-1/4 

2-1/2 

3-1/2 

3-3/4 

4 

3 

3-1/4 

4-3/4 

5 

5 

3-1/2 

3-1/2 

5-3/4 

5-1/2 

6 

3-1/4 

3 

4-1/4 

4-1/2 

7 

3-1/4 

2-3/4 

4-1/4 

4-1/4 

8 

3-1/2 

2-3/4 

3-1/2 

3-1/2 

— 

9 

2-1/2 

2-1/2 

4 

4 

10 

3 

3 

I  ^ 

4-1/2 
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TABLE  III 


TABLE  IV 


FORWARD  SKIRT  THICKNESS  RH00283 


SKIRT  POSITION 

1  Distance  from  Forward  Edge  j 

DEGREES 

|  3  INCHES 

|  6  INCHES 

8.750 

_ 1 _ 

0 

I  0.157 

0.156 

0.157 

1$ 

f”  0.158 

6.154  ‘ 

0.155  1 

36 

6.159  ~ 

1"  “054  " 

- 055 - 

43 

f"”  057 

0.152 

0.154 

60 

0.158 

0.154 

0.156 

75 

0.157 

6.152 

“  6.153 

$6 

6.135 

6.153 

F"~  0.153 

105 

0.155 

0.154 

0.152 

f2fi  1 

6.157 

[  6.153  j 

6.152 

135 

“053 

- 057 - 

051 

156 

I  05?  ™~ 

~~~  0.156 

i  "  054 

165 

!“  o.i36 

\ .  6.153 

6.155 

180 

6.155 

0.153 

0.153 

193 

0.153 

0.152 

6.149 

210 

0.152 

0.152 

0.152 

225 

057 

. 6.154  " 

0.153 

240 

0.164 

0.162 

255 

0.155 

0.153 

270 

0.158 

0.153 

0.154 

285 

0.156 

0.153 

0.152 

300 

0.157 

0.153 

315 

0.155 

0.155 

330 

0. 158 

0.153 

0.154 

!  345 

0.157 

0.155 

0.157 
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TABLE  V 

W2SD-14A  PHASE  I 
STRAIN  AND  DEFLECTION 


TIME  (SEC.) 

GAGE 

NO. 

0 

10 

13 

15 

20 

30 

40 

60 

RAM  LOADS  (POUNDS) 

PI 

0 

4352 

5548 

6174 

8649 

12238 

12283 

1150 

P2 

0 

820 

1060 

1428 

1640 

2516 

2535 

276 

P3 

0 

2492 

3091 

4153 

5051 

7490 

7527 

133 

STRAIN  (MICRO  IN/IN) 

SG*  1 

0 

-  40 

-  30 

-  20 

-  50 

0 

20 

-  20 

SC-2 

0 

-  20 

-  30 

-  40 

-  40 

-  80 

-  80 

-  70 

0 

-  10 

-  10 

0 

30 

80 

110 

20 

SG-4 

0 

-  20 

-  20 

-  30 

-  40 

-  60 

-  70 

-  40 

SC- 5 

0 

60 

80 

130 

230 

360 

400 

130 

SG-6 

0 

-  20 

-  30 

-  40 

-  50 

-  80 

-  80 

-  30 

SC- 7 

0 

70 

100 

170 

280 

400 

420 

20 

SC -8 

0 

-  20 

-  20 

-  30 

-  70 

-  80 

-  100 

-  20 

SC  -9 

0 

70 

100 

160 

230 

350 

400 

160 

SC  -  10 

0 

0 

0 

0 

-  10 

-  20 

-  10 

-  10 

SC- 1  1 

0 

0 

10 

40 

20 

40 

<>() 

-  70 

SG  -  12 

0 

-  10 

-  20 

-  30 

-  40 

-  70 

-  70 

30 

SG-  1 3 

0 

-  50 

-  90 

-  140 

-  240 

-  340 

-  340 

-  130 

SC- 14 

0 

30 

20 

10 

-  10 

-  40 

-  50 

20 

SC- 15 

0 

-  130 

-  180 

-  260 

-  350 

-  500 

-  530 

30 

SC-  16 

0 

20 

40 

70 

80 

120 

120 

-  '  . 

SC- 17 

0 

-  80 

-  120 

-  170 

-  230 

-  370 

-  380 

20 

SC- 18 

0 

-  10 

-  10 

-  20 

-  20 

-  20 

-  10 

0 

SC-19 

0 

-  130 

-  180 

-  260 

-  360 

-  610 

-  6  70 

-  180 

SC -20 

0 

30 

40 

50 

60 

120 

120 

36 

0 

-  10 

-  140 

-  180 

-  280 

-  420 

-  4  30 

-  20.'. 

(-)  Negative  Sign  Indicates  Compression 
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TABLE  VI 

W2SD-14A  PHASE  II 
STRAIN  AND  DEFLECTION 
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STRAIN  AND  DEFLECTION 
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